
Desmopressin Acetate 
0.1 and 0.2 mg Tablets 

BRANO NAME: DDAVP 

SpONSOR : Rhbne-Poulenc Rcrer 

TYPE OF SUBMlSSIQ& NDA For 

TITLE: “Review of Two Pharmacokinetic Stud&s in a new NDA” - 

SYNOPSIS: 

Previously, DDAVP intranasal (IN) Rhinal Tube and Nasal Spray (Rhbne-Poulenc Rarer 
Pharmaceuticals) were approved under NDA 17-922 by the Agency for treating Central 
jcraniall i? ia betes I nsioidgs CCOIJ an and DDAVP 
intravenous (IV) Injection was approved under NDA 18-938 for treating hemophilia A and 
CDI. However, for NDAs 17-922 and 18-938, they were a reviewed by the Division of 
Gopharmaceutics WJi prior to their approval. 

The origi\ral submission for a new to be marketed DDAVP oral tablet dosage form was filed 
under NDA 19-955 on 02/06/89 by Rhbne-Poulenc Rorer fharmaceuticals. The firm wanted 
approval for 0.1 and 0.2 mg tablet strengths. The new tablots are to be indicated similarly 
for treating CDI and the proposed usual dosago range is 0.1 tc 0.2 mg, t.i.d. but doses up 
to 0.4 mg can be given t.i.d. depending on titration r,aeds. 

The submission (NDA 
19-955) was, however, withdrawn on 12/26/89 because information/data at one of the 
pivotal study sites was “~JJJ available for audit”. At that time the bioreview had been 
completed (dated 12/l 2189) and an FDA letter was CommUniCated to the firm on 01/l l/90. 
In the FDA letter, th8re were 6 comments regarding the biopharmaceutics (Bit! portion of 
the submission. In addition. there were 2 comments regarding the dissolution test results 
that were submitted on 05110 and 09/l l/89. A meeting was held on 01126190 between 
the firm and the Agency to follow up on the Bio comments. A further discussion was held 
on 0+/t 9/90 to discuss the studies that would be needed tcj fulfil the NDA Bit, requirements. 
In the meeting two protocols for additional biostudies were presented by tne firm and the 
Agency felt that the proposed protocols seemed IO be reasonable for meeting the Bio 
requirements. However, according to DB’s drug review file, one of the protocols (No. RG 
84063-191) was submitted to the Agency on C7/16/90 but it was m formally reviewed 
by DE (dated 08/23/90) since the study had been initiated at that time, and for tk,,tr other 
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protocol (No. RG 84063-102). howover, there is fig record of ever receiving the protocol for 
review. 

Note: The firm indicated (01/26/90) that the n3w to be marketed tablet formulations were 
different from the old formulations usad in the clinical studies and that tht: old 
formulations needed to be changed because thef8 were problems trying to ma&e full- 
scale production batches. In the follow-up meeting dated 04/l 9/90 between Rhbne- 
Poulenc Yorer, HFO-510, and DB, Of3 raised a concern of the lack of dsmonstration 
of bioequivafency between the old clinically tested tablet formulations and the new 
to be marketed formulations. HFD-5lG indicated that there was 11p need for the 
demonstration of bioequivalency between the clinical and the to be marketed tablet 
formulations because the safety and efficacy of ODAVP has already been established. 
Therefore, HFD-510 indicated that only i: description of bioavailability of the to be 
marketed product in addition to the previously submitM clinical studies wculd satisfy 
the need for clinical data fcr approval of this app!icbtion. 

Submitted for review on 03!13/92 were the firm’s responses to two Agency comments on 
dissolution and the results of the two pivotal biostudies entitled “An -pen-Label 
Pharmacokinetic Comparison of Desmopressin Acetate Administered by Oral and lntranasal 
Routes” IA dose proportionality study; Study 1, protocol No. RG 64063-l 011 and “An Open- 
Label Pharmacokinetic Comparison of Desmopressin Acetate Administered by Oral and 
lntravonous Routes” [A formulation uniformity study; Study 2, protocol No. RG 84063-l 021. 

fjtudy 1 used 36 normal healthy male volunteers and this was a multiple-dose, 4-way 
crossover, balanced. randomized, Latin square study design with a washout period of 4.67 
days. Oral t.i.d. doses of 0.1 mg (Treatment C), 0.2 mg (Treatment Ai, and 0.4 mg 
(Treatment D) plus IN t.i.d. doses of 0.01 mg (by rhinaf tuhe, Treatment 6) were given up 
to the 8th dose :at which the firm assumed that the steady state had been achieved. The 
pharmacodynamic (PO) data, e.g., increase of urine osmolality and decrease of urine output 
from baseline, were obtained from the water-ioaded volunteers during the 6th dose (on the 
3rd day at 1500) and the pharmacokinetic (PK) xa. e.g-, plasma DDAVF :svels. AUC (area 
under the plasma concentration-time curve), C,,, (peak plasma concentration), and T,, 
(peak time to reach C,), etc. were obtained from the 8th dose (on the 4th day at 700) 
during which the volunteers were rr9f water-loaded. A PK/PD analysis was & conducted 
for the 0.4 mg dosing regimen (Treatment D). 

Note: On 1312 1192, 01/08/93 and 02/03/93. DD recommended that PKlPD analyses be 
n * Tormed for the 0.1 and 0.2 mg dosing regimens by the firm. The firm indicated 
cir i)2/19/93 that it did m analyze PKIPD relationships for the 0.1 and 0.2 mg doses 
-iId, therefore, no analyses have been forthcoming. 

In Study 2, a single dose of 1 x 0.2 mg tablet (Treatment El, 2 x 0.1 mg tablets (Treatment 
CI, or 0.002 mg IV (Treatmant Al was given to 36 healthy male volunteers in a balanced, 
randomized, 3-way crossover study design with a washout pe:iod of 2 days. Similar PK 
parameters were u&&ted but a PD data were obtained. 
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The firm provided mean PK parameters with statistical analyses based on un- and/or log- 
transformed data for assessing i) dose-proportionality of 0.1, 0.2 and 0.4 mg (using the to 
be marketed 0.1 mg tablets), ii) reiative bioavailability (F,J compared to the 0.01 mg IN dose 
(Study 1 I, iii) bioequivalence between the two to be marketed tablet strengths of 0.1 and 
0.2 mg, and iv) absolute bioavailability (F,) compared to the IV 0.002 mg dose (Study 2). 

The results obtained from the two one-sided tests procedure with 90% confidence intervals 
/Cl) for AUC and C-values showed that i) the oral doses ranging from 3.1 to 0.4 mg, were 
ca exactly dose-propnrtional using dose normalized data and ii) the 0.1 end 0.2 mg tablet 
strengths were llpf bioequivalent. However, when using mean AUC values that were not 
normalized for dose they suggest that there might be dose proportionality among 0.1, 0.2, 
and 0.4 mg doses. The intersubject variations were, however, found to be very large for 
both studies. Based on the mean normalized AUC values, the f,, for the oral doses was 
calculated +o be around 5% compared to the IN route, and the Fti of the two tablet 
strengths was calculated to be about only 0.15%. The T, ranged from O.Q_to 1.5 hr 
incticating that the oral absorption of DDAVP tablet could be fairly rapid. The mean T,,, 
obtained from the IV administration (Study 2) was found to be 2.24 hr which is much larger 
than that (4 to 15 min) of endogenous vasopressin. According to an unpublished clinical 
report submitted by the firm, the oral absorption of DDAVP tablet (using old clinically tested 
formulaticnl, wes ~l~faffected by food (breakfast) intake 1 hr prior to dosing in a single-dose 
crossover study using 11 normal volunteers. 

For the PWPD analysis, a plot of the mean urine osmolality increase vs. mean plasma 
DDAVP conc<‘ntration following the 0.4 mg oral duse, presents a counterclockwise 
hysteresis. A time lag exists bstween the Tmu (0.9 to 1.5 hr) and the maximal effect of 
increase in urine osmolality (3 to 4 hr). More information on PD data analyses provided by 
the firm and carried out by thus reviewer. are covered under General Comments of this 
bioreview. Among the 3 oral doses of DDAVP tabiets studied (Study 1 I, the 0.4 mg dose 
is seemingly the most pharmacodynamically similar to the 0.01 mg IN dose in ,tiater-loaded 
healthy volunteers. However, large intersubject variation in PD responses was observed for 
all treatments and thsrefole, the package insert (PI) indicates that each patient with CDI and 

should be titrated individually to his/her optimum therapeutic dose. Finally, there was 
11p metabolism study for this drug conducted in man. Since for the two studies described 
in this submission used a radioimmunoassay WA) method, it can nat ruled out that there 
may have been crossreactivity for unknown metabolite(s1 with the antiserunl used to analyze 
collected plasma samples. 



The DB has reviewed the two biostudies of DDAVP that were filed under NDA ! 9-955 on 
03/13/92 and finds them to be acceptable as a result of the PO data that were submitted 
in conjunction with the PK data which may be somewhat less than accurate due to assay 
specificity concerns. The reviewing medical officer should review the General Comments 
(pans 14) and the Labelling Comments (gaae 17). The Labelling Comments and the 
dissolution method and specification shown below should be sent to the firm. Prior to 
apprcval. 08 would like to set the Labelling Comments appropriately addressed by the firm. 

Q= in 30 min 

LI7zLiIT4G QA+b 
Tien-Mien Chen, Ph.D. 

Pharmacokinetrcs Evaluation Branch 

Biopharm Day 03/30/93 (Drs. Ludden, Fleischer and Hepp and Mr. Hunt) 

RD initialed by john Hunt 

Fl inltialed by N. Fleischer, Ph.D. 

cc: NDA 19-955, HFD-510, HFD-&6 (Chen, Flelscher), Chrol, Drug, &viewer, FOI 
(HFD-191, F. 
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I. 8ackground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...“.... 5 
II. Summaryof Bip,PK,and PDChorscteristics~.~..*.-=.*~~..-~*~.... 6 
III. General Comments (Need md to be sent to the firm) l l l l l - l l - . l l l l l l 14 
IV. Labelling Comments (Need to be communicated to the firm) - .. . . l 9 . l l l l 17 

Study 1 A dose proportionality study ............................ 20 
Study 2 A formuletian uniformity study .......................... 25 

Appendix 2 contains additional tables, figures and attachments described in this biareview, 
plus more detailed data/information such es assay validation, data analyses (PK. PD. and 
statistics). and individual subject date as well es the firm’s responses to different t&cons 
held between the Ageccy and the firm. This information is being retained in 08 and can be 
obtained upon requr;t. 

I. BACKGROUNP: 

ODAVP fdesmoprossin ecetatej, is a synthetic analog of naturally occurring pituitary 
nontlpeptid? antidiuretic hormone (ADHI. i.e., 8-L-arginine vasopressin, which affects 
renal water <:onservation. In the desmopressin molecule there are two changes made 
according to the native protein, i.e., deamination of the N-terminal in position 1 end 
replacement of 8-L-arQinine by 8-Darginine. The firm claims that these modifications 
result in a decreased vesopressor action and decreased action on visceral smooth 
muscle relative to the enhanced antidiuretic activitv. It is also reported by the firm 
that DDAVP has a longer duration (longer half-life) and potency of antidiuretic activity 
but is virtua!ly devoid of other effects of the natural hormone. However, DDAVP is 
ineffective folr the treatment of nephrogetric diabetes insipidus. 

In addition to DDAVP Rhinal Tube and Nasal Spray (NDA 17-922) and DDAVP 
Injection (NDA 18-9381, a single-use diagnostic kit of DDAVP (solution far nasal 
spray: Concentraid) that is intended far testing the renal concentration capacny. was 
approved under hDA 19-766, but m PK/Bio data were provided (biorevmw of 
01125/90). 
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ri. ARY iJF BIGAVAIl A81LiTYI?HARMACQ&lNET1CS/PHARMACQDYNAMlC~: 

3. Absoi!,j$#?elative Bioavailabilim: 

Note: For DDAVP followingpral or IN t.i.d. dosing in the multiple-dose 
study (Study 11, AU& was calculated using the trapezoidal 
rule for the last steady-state dosing interval (the 8th dose) and 
T,,, was calculated from the apparent terminal phase after the 
last dose. However, most of the drug concentrations dropped 
below the minimum quantifiable limit (MQLI prior to thn 8th hr 
sampling time. For the single-dose study of DDAVP tablrts vs. 
IV administration (Study 2 which was condo,ted at a-i’lfferent 
clinical site), AUC,,, was calculated and used in PK analyses. 
However, prior to the 16th hr sampling time, most of the drug 
concentration levels dropped below the MQL. 

From Study 1, tha F,., valuos baseti on the mean values of AUC, of 
the 0.1.. 0.2. and 0.4 mg oral doses, were estimated to be 4.6%” 
5.6%, and 6.0% , respectively, as compared to the 0.01 mg IN dose. 
From Study 2, tha values of F, based on the mean vaiues of AU&,, 
for the 2 x 0.1 and 1 x 0.2 mg tablets relative to the 0.002 mg IV 
dose, were 0.13% and 0.1696, respectively. The F.,,, values for these 
oral tablet streng,hs are really small indicating that DDAVP is unstable, 
highly susceptibts to enzymatic degradatic? \ in the gastrointestinal 
tract, highly metabolized due to the first-pass effect and/or is poorly 
absoroed. The firm reoorted that DDAVP is somewhat resistant to 
protaolysis by stomach enzymes because the molecule does exhibit an 
effect and it is measurable by RIA in the plasma following oral 
aaministration. 

Note: In light of the extremely low Fti values, the firm was requested 
on 12/03/92 to provide information on the effect of food on the 
oral absorption of DDAVP tablets. However, the firm indicated 
that after a literature search, it could not find any articles. On 
01/22/93, the firm submItted a clinical report (not pubiishedl 
regarding the influence of food intake (breakfast; two pieces of 
toast with butter and cheese, one boileo egg, a glass of milk 
and a cup of coffee) on the oral absoiptlon of DDAVP 0.1 and 
0.2 mg tablets (old clinically tested formulations) in a crossover 
study using normal volunteers (n = 111 that had been submined 
in the onginal NDA submission (Attachment 1). That report 
concluded that based on PD data of urine volume decrease 
and/or urine osmo!ality increase (m plasma drug profiles 
provided), breakfast gwen 1 ht pr ior to doslng did !m affect the 
oral absorption of DDAVP 0.1 and 0.2 rng tab’dts. 
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b. Dose Pronortionalitv Anary&. 

8ased on the mean values of untransformed normalized (to 0.4 mg 
dose) AUC, and C,, the results of two one-sited tests with 90% CI 
showed (Study 1) that the Cl’s did W fall withirt 80 to 120% in all 
cases as shouvn belo*: 

Treatment C . A 0 P 
(1 x 0.1 mg) (2 x 0.1 mg) (4 x 0.1 mg1 value 

AUC- 14.5’ 35.8 75.5 0.0876b 
(pg-hr/ml) (74.9%7 (68.7%) (67.4%) 

normaliredd 58.0 71.7 75.5 

Ref 100-&Q% 107-15.7% - 
(p=o.loo’) (p=O.O36*) 

Ref 86-1241 
(p =0.6391 

fld’ 

L8 
(pg/mlI 

4.5% 5.6% 6.0% 

16.5 16.3 29.5 0.325 
(292%) (60.3%) (63.8%) 

normalized* 65.9 32.6 29.5 

Ref -19-l 17% -23-l 12% 
(p=O.216) (p=O.178) 

Het /-2ZQYb -4 
(p =0.9091 

Ttw 1.48 0.88 0.98 0.393 - 
(hrl (175%) (36.3%) (33.6%) 

. . Original values reported before being normalized. 
b P value for the comparison of all 4 treatments in the data set by 

ANOVA. 
c Coefficient ot Variation (CV) in %. 
d Normalized to 0.4 mg dose. 
. P value for the contrast from the crossover ANOVA model 

(TABLE 1). 
t Compared to the 0.01 mg IN dose . 

Statistically significant with p < 0.05. 
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Note: No log-transformed data were provided for Study 1, since AUC, 
, was found to be *zero” for subject Nos. 13 and 15 after 0.1 
rng DDAVP administration. 

A graphical representation of the AUC, vs. dose is depicted in Figure 
1. The slope of the regression line is significantly different from zero 
(P =O.OOOl) and the intercept of -5.9 is a significantly different from 
zero fP=O.l06). Howeuer, the tirm repot-tad that thn linear 
relationship between AUCs and doses is weak. 

The 
this 

i. 

ii. 

proportionality ratios among the 3 doses were also analyzed by 
reviewer and the results are summarized below: 

AUC Ratio Theoretical Calculated 

A/C 2 2.47 

D/C 4 5.21 

D/A 2 2.11 

C,, Ratio Theoretical Calculated 

A/C 2 0.988 

D/C 4 1.79 

D/A 2 1.81 

Tha,w rae..l+- ’ 
_ - - .  -v-.-w :.?diz;t~ t>,;: ulcl; a& I I~I Iisuauon of UUAVP appears to be 

generally proportional over the dosage range (0.1 to 0.4 mg) according 
to mean AUC values. The calculation of mean C, for 0.1 mg dose 
included an outliar t 22 (with a C, of 294.888 pg/ml at T, of 16 hr) 
as reported by the firm. When excluding the outlier # 22, the mean 
Lx f SD in=351 was 8.52 f 5.99 pglmt with a CV of 70.4% and 
mean T, was 1.06 f 0.73 hr with a CV of 68.4%. The values of 
CV% are now close to that of ;)ther parameters. Therefore, C, ratios 
being less than the theoretical ones is most likely due to the outlier t 
22. 
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C. Bioewalenca: 

From Study 2, the re’;ults of analysis using the two one-sided tests 
procedure with 9C% LJ analyses for both untransformed and log- 
transformed AUCsrs md c, values of the biolou are summarized 
below: 

Treatment 
. 

9 
(1 x 0.2 mg) 
< Test > 

C 
(2 x 0.1 mg) 
<Reference > 

A&.w 
(pg-hr/ml) 

30.5 24.1 
(104%‘) (77%) 

<26.5% t>” 

i. Untransformed 95-152% 
“FAIL” 
(p = 0.163”) 

Ref 

ii. Log-transformed 83-m% 
“FAIL” 
(p = 0.379) 

Ref 

0.13% 0.16% 

15.0 13.2 
(93%) (85%) 

<13.6% t> 

i. Untransformed 94-t ?rron 
‘FAIL” 
(p =0.252) 

D.NC . . . 

ii. Log-transformed 93-m% 
‘FAIL” 
(p =0.3571 

Ref 

. CVin%. 
b Percent difference in means, i.e., 

(Test-Refersnce)/Reference l 100%. 
Q Not statistical significance with P>O.65. 

Note: The firm  submitted the above data without inclusion of subject 
No. 63. The firm  claimed that the subject No. 63 is an outlier 
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(possibly due to a switchlmislabel(ing for the !?koot samples 
collected from ths Treatments A and Cd. 

Since the content tnitormity for the 0.1 mg tablet biofot was less than 
that of the 0.2 mg tablet bioiot (93.1% vs. 102.3%; a 9.9% 
difference), this reviewsr recommended on 12/03/92 that the firm take 
into account the difference in content uniformity of the two strengths 
and reanalyze the above data. However, the firm indicated on 
12/G9/92 that the results did w change the conclusion of 
biohequivalense between the tablet strengths. Therefore. the above 
results indicate that the 0.1 and 0.2 mg tablet strongths are I@$ 
bioequivalent based on untransformed or io+transformed data 
analyses. 

2. PHARMACOKINETICS: 

The PK parameters were calculated by the nbncompartmental method (details 
in the PK section of Study 1, Appendix II. The mean (with CV%) PK 
parameters obtained frun-t Studies 1 and 2 are summarized in TABLE 2 and 
mean plasma drug concentration-time data are summarized in TABLES 3 and 
4. Mean plasma profiles were shown in FIGURES 2 and 3. 

Large CV% for the mean AUC and C, values (Study 1) indicates that there 
is a large degree of intersubject variabitity. The CV% obtained from Study 2 
was found to be even larger. T T,, values for oral tablets ranged from 0.9 
to 1.5 hr with a relatively small CV% and were m statistically different 
(p=O.393, TABLE 3). Most of the plasma samples collected for the C,,+, 
determination had plasma drug concentrations below the MQL of 2.9 pg/ml. 
Therefore, a valid statistical analysis of C, for assessing steady state was 
gg~ available. The mean values of Tllr ranging from 1.61 to 1.69 hr. were 
indeed nratty ~nnrirtzz: ~~~~~~ 1g urtil ana IN administrations (Study 1). 
However, they were smafler than that obtained from tV, 2.24 hr (Study 2, 
TABLE 21. 

The firm reported that from Study 2, the T,,t could gg~ be calculated based 
on the oral administration of 0.2 mg doses (under the same conditions and 
using the same RIA method as for Study 11. it was found that the T,,Z 
obtained from Study 1, could have been underestimated, i.e., due to the 
extremely small F, values and the MQL of the assay method employed. 
Therefore, the T,,, obtained from Study 1 may m accuratefy represent the 
apparent termrnal T,,z of this drug after oral irnd IN administrations. 

Lastly, the MQL of the assay method related to the extremely small F, values 
probably affects an accurate calculation of AUC for the 0.1 mg dose (Study 
1). This would in turn limit an accurate AUC assessment of the drug’s dose- 
proportionality when the higher doses are compared to 0.1 my dose AUC. 
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3. METABUJSi\n: 

There was m rnetaboiism study of this drug conducted in man according ‘to 
firm’s responses dated 12/03/93 (AttWtment 2). 

4. PC)PULATION: 

Studies 1 and 2 were all conducted i~l normal healthy mdle vofuntet~s. The 
demographic information for the volunteers ;Y f,;ovided in each study. 

5. PHARMACOKINETIC/PHARMAC;ODYNAMlC RELATIONSHIPS: 

A time lag of around 2 l-r was found between the T, of about 1.5 hr and the 
maximal effect of urine osmalallty increase at ahout 3 to 4 hr. The firm 
provided the PKlPD analysis of this drug fallowitlg the administration of the 
0.4, mg dose (Treatment D in Study 1 I only (FIGURES 4 and 5). A plot of the 
mean urine asmalaiity increase (during the 6th dosej vs. mean plasma DDAVP 
concentration for the times from 0 to 6 hr (d;lring the 8th dose]. prc,ents a 
counterclockwise hysteresis (FIGURE 6). 

6. FORMULATIONS AND DOSAGES USED: 

0.1 mg tablet 

DDAVP (free base) 0.089 mg 
Lactase 
Potato Sta: ch 
Povidone (USPj 
MC Stearate 

0.2 mg tablet 

0.178 mg 

The 0,l and 0.2 mg tablets did w have the same ratio of active/inactive 
ingredients, but they had exactly the same amounts of inactive ingredients 
(Attachment 3). On 03/23/93, the firm was requested to provide the 
formulation used in the clinical studies and it is included in Appendix 2. 

The information on DDAVP dosages used in Studies 1 and 2 is summarized 
below: 

Study 1: 

Treatments C, A. and D: 1 x 0.1, 2 x 0.1, and 4 x 0.1 mg, respectively 

DDAVP 0.1 mg tablets: Let No. 9007179 (Farring Lot No. QE9229j 
Proouctian size batch: 100,000 (2096 of full-scale production srzej 
Content uniformity: 93.1 * 2.1% tn=lOj 
Date of manufacture: 05/l 6/9O 
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Commercial Equipment: Yes 
Site of Manufacture: Ferring Pharmaceuticals, Malmo, Swedan 

Treatment 5: 0.01 mg of DDAVP in 0.1 ml solution through IN rhinal tubes 

DDAVP 0.1 mg/mt solution: Lot No. 9003038 (Fernng Lot No. 
PE8593) 

(Currently marketed; 2.5 ml/vial) 

Study 2: 

Treatment A: 0.002 mg of DDAVP in 0.5 ml solution given by 
intravenous injection. 

DDAVP 0.004 mg/ml solution: Lot No. 9003037 (Ferring Lot No. PK8860) 
(Currently marketed, 1 ml/ampule and 10 ml/vial) 

Treatments B: 1 x 0.2 mg tabiet given orally 

DDAVP 0.2 mg tablets: 
Content uniformity: 
Prodtiction size batch: 
Date of manufacture: 
Commercial Equipment: 
Site of Manufacture: 

Lot No. 9007180 !Ferring Lot No. QE9230) 
102.3 f 2.9% (n= 10) 

05/28/90 
Yes 
Ferring Pharmaceuticals, Malmo, Sweden 

Treatments C: 2 x 0.1 mg tablets given orally 

DDAVP 0.1 mg tablets: same Lot No. 9007179 (Ferring Lot No. 059229) 

Notes: 1. According to the firm’s response (03/l 3/92) to an FDA letter 
dated 01111190, the proposed full-sale production size batch 
will be set at (Attachment 4). 

2. The informarron on content uniformity of the tablet strengths 
was requested by this reviewer on 11/24/92 and the firm 
submitted the informatron on 12/03/92 (Attachment 21. 

3. Minirin* is the bratld name of desmopressin (DDAVP) for nasal, 
intravenous and oral products that are currently marketed in 
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Europe anti some other countries. Minirin@ has the identical 
formulations as that to be marketed in the US. 

7. ~COLUTIOtd: 

The firm’s responses (with dissolution test results) to 2 Agency comments on 
dissolution (dated 01 /l l/90), were provided in the submission dated 03/ 13/92 
(Attachment 41. However, the methodology employed was melearly stated, 

Note: Currently there is 11p USP or FDA dissolution specification available for 
DDAVP tablet. 

_- 
From the tables and figures the firm provided using Study 2 biolots 
(Attachment 41, it was shown that i) DDAVP appeared to be stable in various 
pH environments (e.g., simulated gastric fluid wi?hout enzyme, distilled water, 
and simulated intestinal fluid without enzyme: from pli 2.86 to 8.28) and ii) 
the 0.2 mg (whole) tablet had a relatively faster rate and greater extent of 
dissolution compared to the 0.1 mg (whole) tablet in all media. 

Note: Since in the proposed PI, the firm indicates that broken tablets (l/2 of 
0.1 mg tablet) can be given as a lower starting dose for pediatric use 
and that tablet dosage should be increased or decrea, -d (l/2 tablet) as 
needed to obtain adequate antidiuresis, this reviewer requested 
dissolution data of broken tablets of both 0.1 and 0.2 mg tablet 
strengths on 1 l/02/92. On 01/14/93, the firm submitted the results 
of dissolution tests of whole and broken 0.1 and 0.2 mg tablets 
(Attachment 5). It is also summarized in TABLE 5. 

&L;urtiitig LU L~IU uIssuIuuon resr results suomlrtea on ill/t 4/YY tor the same 
biolots that were previously tested (Attachment 51, the broken 0.1 and 0.2 
mg tablets gave similar dissolution profiles (rate and extent) as the whole 0.1 
and 0.2 mg tablets, i.e., a apparent difference between whole 0.1 and 0.2 
mg tablets, between the broken tablets or between the whole and broken 
tablets (TABLE 5). However, the new dissolution results were somewhat 
different from the previous data where thr; whole 0.2 mg tablets had a 
relatively faster rate and greater extent of dissolution than the whole 0.1 mg 
tablets (TABLE 5). On 02/09/92, this reviewer raised the concerns on the 
different dissolution profiles obtained from the two tests. The firm submitted 
its responscr on 02/l 9193 (Attachment 101 and indicated that the difference 
was due to the use of solid-phase extraction cartridges to collect dissolution 
samples. However, the firm’s explanation was a very convincing. 
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8. SAMPI F COLLECTION: 

Please see blood sample collection and treatment in details in each study in 
Appendix 1. 

9. ASSAY: 

Plasma samples were stored up to 247 days. Prior tc assay the samples were 
first precipitated followed by extraction and evaporation procedures. Dried 
extracts were stored at -2OOC until reconstituted prior to assay. The st;ld) 
samples, buffer controls and extraction controls were analyzed in duplicate. 
The information on assay specification, valdation, was provided in the assay 
section of each study. The detailed assay validation report is located in 
Appendix 2. 

For the two studies, an RIA method was used. However, since a metabolism 
information was provided, the crossreaction of a metabolitels), if existing, 
with the antiserum could potentially occur. Additionally, -non-zero” baseline 
values (prior to the first dose, i.e., at -56 hr1 were found for some of the 
subjec?s for all treatments in Study 1. 

Note: In a telecon held on 11/24/92, the issue of the *non-zero* baseline 
values was raised by this reviewer. On 12/02/92, the firm indicated 
that the samples with non-zero values at baseline had been reassayed 
and the values were consistent with the previously reported values. 
The firm believes that the non-zero values at baseline are due to 
processing error, e.g., mistake and/or contamination but unlikely to be 
due to crossreaction by a metabolitek). 

10. DATA ANALYSIS: 

Gease see tne oata analysis sectron of each study for detailed PK. statistical, 
01 PD evaluation information. It should be noted that in the analysis of PK/PD 
relationships (Study 11, the PD data were obtained from the water-loaded 
volunteers during the 6th dose while the PK data were obtained from 
volunteers m being water-loaded during the 8th dose. The firm, however, 
assumed that the inter-lintra-subject variations and the PK profiles obtained 
for the 6th dose would be similar ta that from the 8th dose. 

Ill. mEPAL COMMENTS (Need m to be sent to the firm): 

1. On c)l/O8/93, a telecon was held between DE and the firm where statistical 
analyses (AN~~‘~‘;\j for the comparisons of PD parameters (Study 1) were 
requested, e I!;ine Go!lvme decrease, maximum urine osmolality increase, 
and AU2 o * ouirolality increase from baseline vs. time among the oral 
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doses end the IN dose. On 01/22/93. the firm submitted a supplement to 
address xha Agency’s concerns (Attachment 1). 

The firm indicated that for the 0.2 and 0.4 mg oral doses, although the PK 
data were statistically significantly different, the PD analyses showed that 
there was only a 10 to 15% difference between the 0.2 and C.4 my oral 
doses and that they are gg$ statistically different from the 0.01 mg IN dose, 
The firm further indicated that when using the two one-sided t-tests procrdure 
with 93% Cl on the PO parameters (Attacllment 1). the 0.2 and 0.4 mg doses 
were all within a range of 8C to 120% of the mean values of the PD 
oaramsters obtained from the 0.01 mg iN dose (Attachment 1). Therefore, 
the 0.4 and 0.2 mg oral tablet doses were considered to b3 pharmaco- 
dynemicatly equivalent to ths G.01 mg IN dose. The iitrn, however, 
emphasized that dosing the patients with CD: should be titrated on an 
Individual basis. ._ 

Between 02117 and 2119193, the firm submitted further PD data analyses for 
the 0.4 rng oral dose and the 0.01 mg IN dose (Attachment 1 G). Ratio 
analyses (75/l 25 rule) of the PD parameters between the 3 oral doses and the 
IN dose were conducted by thie reviewer and the results of the ratio analyses 
are summarized below: 

Ratio Analyses on PD parameters for 3 oral doses vs. iN dose 

Dose Parameters <0.75 0.75-l .25 > 1.25 

0.4 mg: 
Max. Osmoiality 2136” 3W36 4136 
(mOsm/kgj (5.6%Ib (83.3%) (11.1 %I 

1m.e -1 . . . - .A 1 .-,e- 
mucr “I “ar,,“lo,,Ly 113v I51311 iU/30 

(mOsm-hr/kg) (19.4%) (52.8%) (27.8%) 

Total Urine Vol. 3136 27136 6136 
(ml) t (8.3%) (75%) (16.7%) 

0.2 illg: 
Max. Osmolatity 9/36 24136 3136 
(mOsmlkg1 (25%) (66.7%) (8.3%) 

--- 
AUC of Osmolality 16/36 17136 3/36 
{mOsm-hr/kgI (44.4%) 147.25;\ 18.3%) 

Total Urine Vol. 1 O/36 24136 2/36 
[ml) t (27.8%) (66.7%) (5.6%) 
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0.1 mg: 
Max. Qsmolali;j 20136 16!36 Q/36 
fmOsm/kgl (55.6%) (44.4%) (0%) 

--- 
AUC of Osmolality 3+X36 4136 2/36 
(m&m-hr/kg) (R3.S%l ill.1 %I) (5.6%) 

-- 
Total Urine Vol. 13/36. ?1/36 Z/36 
(ml) t (36.1 %i (58.396) (5.6%) 

- 

l 
. Number of subjects out of tota! (36 subjects) with ratio v&es < 0.75, 

between 0.75 and 1.25, and > 1.35, 
b 

. Percent of subjects out of total within ratio categories. 

From the above ratio analyses it seems that the oral 0.4 mg dose probably is 
the closest to the 0.01 mg IN dose oitsed on total urine volume decrease and 
maximum osmolality increase. 

2. In an article published by Williams et al (Attachment 1). the authors concluded 
that when ODAVP tN solutions (0.1 and 0.2 mg1 were given c ,ally to water- 
loaded normal voluntcsrs !n = 5) and adirlt patients with CD! (n = 7) a marked 
antidiuresis and mean urinary osmolaii=v increase in normal volunteers as welt 
as in adult patients with CDt was observed and that the oral DDAVP may be 
useful for treating some patients witir CDL Tna revrewing medical officer 
concurred with the conclusion drawn i.1 this article. 

Studied further and compared by this reviewer were the PD responses 
reported in the article fhy Williams et al; Attar!,ment 1) and in Study 1. The 
results of the comparisons are summarized in TABLE 6 and shown in FICVJRE 
7. For a 0.2 mg orat dose, the profiles of rnsan UFR (ur’,le flow rate in ml/hrl 
vs. time for both water-InaAod nnrmd vnhan*r~n-- --A -4.~ --A:- - + . ’ --* --_._ -..- dW”.C pur4r#l.* **t&II LWI 
reported in the article and the profiles for the water-loaded normal volunteers 
fn =36) in Study 1 are comparable. Ciowover, 7 adult patients with CDI 
showed somewhat a lesser change o+ urine osmolality than that seen in 5 
normals. For 0.1 mg oral dose, the water-loaded normal volunteers exhibited 
similar UFR profiles for DDAVP IN solution (0.1 my) given orally and for 0.1 
mg tablets (TABLE 6 and FIGURE 71. The 0.2 mg dose tsnded to show a 
more dramatic drop in UFR and it had o longer duration of action. Therefore, 
based on the resutts of tne above com,?arisons, it seems feasible that the 
dynamic response relationshrps obtained from the normal volunteers could 
possibly be extrapolated to adult patients wnh CDI at feast for UFR. 

3. Ideally, the firm should have ccllected Pt, data in addition to PK data in Study 
2 so that PKlPD relationships for both the 2 x 0.1 and 1 x 0.2 mg tablets 
could have been analyzed in order to better help assess the equivalence issue 
between the 0.1 and 0.2 mg tablet strengths. 
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However, since the PO anaiyses from Study 1 showed that there was only 
about a IO to 15% difference in UFR and urine osmolality between a twofold 
incr’ : in dose (0.2 and 0.4 mg) and resulting AUC, the 26.5% difference 
SBi JC between the 2 x 0.1 and I x 0.2 mg rablets obtained in Study 

9) would probably a result in big difference in PD responses. 
jre, the statistical biobequivalence seen between the 0.1 and 0.2 
is probab!y m a concern. 

s.. nother published article (by Vilbardt and Lundin, Gen. Pharmac. Vol 17, 
lo. 4, 481-483, 1986: Attachment 61 it was concluded from a single-dose 

study in water loaded normal volunteers (n = 61, that a 0.02 mg (Not 0.01 ,,g 
as used in Study 1 I IN dose is similar to that of 0.1 and 0.2 mg oral tablets 
(pBO.05) in terms of maximum urinary osmolality increase. This conclusion 
is seemingly in contrast to that obtained from Study 1. Under this 
circumstance as raised in the PI, titrating patients to their needs probably 
requires close attention/observation by physicians initially when switching the 
route of administration of DDAVP from IN solution to oral tablet and vice 
versa. 

5. In a thirc; article (by Westgren et al, Archives of Disease in Childhood, Vol. 61, 
247-250, 1986; Attachment 71 it was concluded that based on the previously 
IN dosing experiences in children with CDI (II =7) and the study in these 
young patients using oral tablets, a linear correlation was found between the 
daily IN doses and daily tablet doses (Figure ? and Attachment 7) which may 
provide a better reference/prediction for the maximum PD effects when 
switching route of administration occurred for children with CDL 

IV. bA8ELl ING COMMENTS (need to be communicated to the firm): 

Note: A copy of revised package insert that was submitted on 02/l 9/93, is pror/ided 
in Attachment 8. 

I. it IS recommenabo tnat tne cnamlcal name and structure of DDAVP, inctuuqi 
.-- molecular weight, be provided in the description section of physical and 

chemical properties of DDAVP at the beginning of the package insert. This 
change was requested by the reviewing chemist, but it did opf appear in the’ ’ 
recently revised package insert. 

2. The first paragraph in the package insert currently states “DCAVP 
(desmopressin acetate) is an antidiuretic hormone affecting renal water 
conservation and is d synthetic analogue of 8-arginine vasopressin.-. 

Since DDAVP is man authentic endogenous hormone and since DCAVP has 
two modificcitiorrs in its molecular structure as compared to endogenous 
hormone vasopressin (ADH), it is better to modify the sentence as follows: 
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“DDAVP (desmopressin acetare) is a synthetic analogus of endogenous 8- 
arginine vasopressin which affects r6nat water conservation. DDAVP has tvo 
changes in its molecular structure as compared to vasopressin.’ > A!!.. 

3. In the CLINICAL PHARMACOLOGY section of the package insert, the 
following sentences should be added to tie end of the 2nd paragraph: 

“The bioavailability of DDAVP oral tabiets is about 5% compared to intranasal 
DDAVP, and about 0.15% compared to IV I~DAVP. The time to reach 
maximum plasma ODAVP levels ranges from 3.9 to 1.5 hr following oral or 
intranasal administration. The onset of antIdiuretic effect occurs at around 
hr and it reaches a maximum at ahqut 3 to 4 hr based on the measurement 
of urine osmolality increase 

4. In tha CUNlCAL PHARMACOLOGY section of the package insert, the 
following words (underlined) should be added to the 6th paragraph for more 
complete information as follows: 

For the first sentence: 

In one study (211, the pharmacodynamic characteristics of ODAVP durina ar\ 
‘1 ,’ 

&hr dosing interval at steady state after oral..... 

For the second sentence: 

The dose administered to 36 hvdrated (water-loa&& healthy male adult 
volunteers... . . 

Also in the 7th paragraph, addition of wcrds (underlined) is recommended as 
follows: 

1 For the first sentonce: 

+2 With respect’ to the man VB Us., ; -s nf total urine volume decry end \ 
maximum urine osmolality increase from basellnq, the go%......, wnen 
compared to the 0.01 mg intranssal dose. /” 

5. Under the subsection of Central Cranial Diabetes Insipidus, in the PEDIATRIC 
USE section. the last paragraph currently states ‘Treatment with DOAVP 
Tablets ir, adequately controlled studies ir 
conducted for up to 8 desks.” should be moved to tir end of the next 
section ’ ‘f-- In addition, it is 
recommat Je3 t J provide the dosage range andstrength of tablets used in the 
adequately controlled clinical trials to support the approval of the tablet 
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dosage form. the above information has been r8qU8Sted by the Agancy on 
1 z/03/92. 

fi@ 
6. Unde- the subsection of Central Cranial Diabetes Insr,?idus, in the DOSAGE $4 

ADMINISTRATION section, the 10th smt8nc8 currenth~ stales “Tablet dosage <I LO I 
G 

should be increased or decreased (1!2 tablet) as rick ?o obtain adequate 
antidiuresis.*. It iS j-vJJ Clear as to whether I!2 tbbjat \ 0.1 or 0.2 mg is to 
be given. Therefot8, it is recomm8ndeJ that the firm revise the sentence and 
make it pr8CiS8 and Clear. I . 

7. Under the subsection of Central Crarriej Diabetes Insipidus, in the DOSAGE 
ADMlNlSTflATlON section, the 12th sentence currently states ‘During th8 
CSurS8 of therapy, slight adjustment in dosage may be necessary to 
compensate for changes in food and water intake.’ t-towever, it is m clear 
as to how to slightly adjust the dose and on what basis. According to an 
unpublished clinicai report that was previously submitted, it was concluded 
that food intake dig gg$ affact the oral abazrption of DOAVP 0.1 and 0.2 mg 
tablets. 

On 04/06/93, thr3 above concern was raised to you Wit-l firm) and 
04/07/93, you notified the Agency that you agreed to d 
senttrnce. 
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Table1 Chnuasts and 90% CunfidcnrA: i.nten-als far Clrex and AU&,. 
. 

Dsta St Parmmcttr P > F’ Contrast P > Fz 90% CI 

--. - --- --- -- -~- - -~ ~ ._--~--- -- 
’ P vahcV&r the comparison Of all ueatmants in the data set by analysis of 
vaIia.nce. 
’ P value for the contrast from the crosscwtr analysis of varianr-r CX!Z!. 
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FIGURE /, 

RG84063-101 

Chica! Drug Dispr’ ’ lqmrl 
DD-91-50 Norzmuet 1991 

DDAVP D09E PRDPDRTIDNALITY AND ANTIDIURElIC ACTIYITY 
LINEAR REBRESSIDN DF AUC AND DOSE 
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i thbne-Poulcnc Rortr 
r)DAVP T&blets 
JDA 119.9S5 

TABLE 2 
tN VlVC STUDY SUMMARY DATA OF DDAVl’ (mm m%) 

@JvOTAL STUDIES 
Roule of 
Admlnbtr;rllon Dose emu 

aldy I, Dosage h-m @b W W  F? 
AU%, KC1 1H 
(pg*br/nll) @T’) W  F fnormrliti) 

ID-91-50 P.0. Ferrhg Tablels 
Study-Slaw 

F 
g 0.1 mg t.l.d. 16.5 pi) 1.48 (175) 14.5 (74.9) - 

osc propotiion~lily 0.2 mt, t.i.d. 16.3 (60) 0.88 (36) 35.8 (6ll7) (49) Gil 1 
.cl84063-FOI) P 0.4 q 1.i.d. 29.5 @A) 0.98 (34) 75.5 (67.4) $43 0.41 (4s) 1.69 

I rhlnyle lube 6 0.01 rnB t.1.d. 17.8 (129) lSr##I) 31.6 (66.5) 0.42 (70) 1.65 
. . 

~0-31-51 P.0, Ferrlng Tabk~ 
\bsalure bloavallobllity 
v.I bloquivlkncy 
a 84063-102) 

2 
-- 

AU%6 
24.1 (77) - 
30.5 (104) - 
190.0 (17) 0.31 (20) 224 ii&b 
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rmlc A tt TmAl?aNT c 
(W OLMO PO. %CV 001 MO1.N. %CV 0.t MO P.0 

uw- -- 

D ANOVA 
0.4 MO P.D. % cv P > F’ 

033 
0 so 
0 75 
10 
125 
15 
ZC 
30 
41) 
60 
60 
124 
160 

. 

Auqos lx) 
pgxhrhnl 

Tmu (hr) 

’ P value for Ihc globe1 ANOVA Irulmcnt cf;cc~ for the Ihm onl irbici lrutmcntr end the lntnnurl lreal~nt (A, B, C, and 0). 

cn 0 



Clinical Drug Disposition Report 
DD-91-51 December 1991 

TablZcl, Mean and Gxfficient of &&ion for DDAVP Piasma Concentrations 
(pg/ml) and Derived Pharmacokinetic Parameters (excluding subject 63). 

A cd 
o.ooi mg N 0.2 mg Tablet 0.1 mg Tablet x 2 ANOVA 

0.08 
O.i7 
0.25 
3.33 
0.50 
0.75 
1.00 
1.25 
1.50 
2-00 
3.00 
4.00 
6.00 
8.00 
120 
16.0 

AU 
-cm 3 

O-16 hr; 

Tmax (hr) 
kel (l/hr) 
-L 

’ (kmparison of 0.2 mg tablet to the 0.1 mg tablet x 2 
* (pg’hr/rIll) 
’ (pzm) 
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FIGURE 2. 

RG84063-101 

* -. 
Clinical Drug Dfspositiol, sport 

DD-91-50 November 1991 

DDAVP DOSE PfWDFUIONALITY AH) ANfIDXUCJEffC ACTIVITY 
WEAN ODAVP CONCENTftATION VEfWUS TIME 

A: 0.20 mg oral DDAVP 
BG 0.01 mg tnhna8al DDAVP 
C: 0.10 mg oral DDAVP 
D: 0.40 mg oral DDAVP 
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FLGbiE 3. 
Clinical Drug Dispoh ' ?eprl 

DD-XI-51 Novc~,..~ 1931 

RG84063-102 
ODAVPTABLETB: AFFOFI)II1UTI#dWJIFORNI?l BYUDY 

t&AN UMVP c OHCMfRATfON VEclglm TXUE 

R: 0.0020 mg ODAVP IV 
13: 0.2 mg DDAVP oral tablot 
C: 0.10 mg DDAVP x 2 oral tabtrta 
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FIClJRE 4 

RG84063-101 

Clinical Drug Dispositior * ‘port 
DD-91-50 November 1991 

u OOAW OCJSE PFuimF4TXoNALXTY AN0 Ar4T101tmET1C ACTXVITY 
WEAN URINE VOLUME VERSUS TIME 

A: 0.20 mg oral DDAVP 
B: 0.01 mg lnfmnoral DDAVP 
c10.10 mg oral ,DDAVP 
0: 0.40 mg oml DDAVP 
BA!SE: 0.0 mg DDAVP 

limo (hr) 
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TAfLE 6 Dissolution Tests for 0.1 and 0.2 mg DDAVP Tab!ats 

Media: Distilled Water 
(03113/92) 

w/o enzyme w/o enzyme 

Time 9.7 m_g’ 9.1 mq 9,2 P, 0.2 0. 
(mini Nvt r*le) (Whole\ (Whole) 

5 

10 

15 

3" 

60 

101 I1 4/93) 
Distilled Water 

CL2 rng 
(Whole1 Uialflb 

c. 
wh0l8) (Half) 

- 

. 

--- I 
. 
b 

Batch Nos. of the G.2 mg and 0.1 rnQ DDAVP tablets used were QE 9230 and QE 9229, respectively. 
Based on the theoreiicef amcunt in each half after broken. 

Q . Standard deviation ISO). 
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RG 84063-l 01 
Urine Osmolality vs DDAW Concentration 

for the 0.4 mg DDAW Dose 

Chnicd Drug Dispc Report 
DD-91-50 P4obcmbc.r 1991 
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TAELE 6 Antidiuretic effect of IN solutior? of DDAVP after oral administration’ 

(n = 5) 
pcg-1~1 volunteerS 

ml m 

(n = 7) 
/4d;llts with CDI 

I 
x7@ P9 

Time (hr1 UFRb SD cv (%I UFR SD cv 1%) UFR SD cv (%I 

0 

1 , 

2 

3 

4 

5 

6 
i.-- 

L Information obtained frcrn a published article (Antidiuretic Effect and Pharrnacokinetics of Oral DDAVP: Studies in Adults and Children. 
1986, by Williams, T., et al., J. Clin. Endocrinol. Met. 63: 129). 

b Urine flow rate Iml/hrI. All the data including standard deviation were estimated from the graphs. 
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